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INTRODUCTION 
Instability is the abnormal response of spine caused by excessive 
motion of segments to applied load. Instability of thoracic spine occurs due to 
many causes. Instability is stabilised by instrumentation of spine. Spinal 
instrumentation is implantation of artificial devices which are attached to 
vertebral column. These implants provide spinal stability at unstable segment 
and promote bony fusion at unstable segment. 
Instrumentation of thoracic spine is done either anteriorly or posteriorly 
sometimes combined depending upon the columns of vertebra involved. Three 
column described by Denis et al
3
, two column by Holdsworth
6
. 
Anterior instrumentation first reported by Humphries and Hawk in 1958 
for Pott’s disease. Anterior instrumentation is done through thoracotomy or 
thoracoscopy. Instrumentation devices are screws with rods, plates or cables. 
Screws are inserted into vertebral body and are connected to construct. 
Posterior instrumentation uses wire-rod, hook-rod or screw-rod 
construct. Because of advantages such as stabilisation of all the columns, no 
need for intact posterior elements and biomechanically superior screw-rod 
constructs are popular. Posterior screw instrumentation techniques are 
pedicular described by Roy-Camille
20
 in 1970 and extrapedicular by Dvorak et 
al
4
 in 1993. 
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In both anterior and posterior instrumentation screws are used along 
with rods or plate construct. During insertion of screws there are chances of 
screws violating the vertebral body or pedicle causing injury to surrounding 
neural, vascular structures and internal organs causing permanent and/or life 
threatening complication 
During pre-operative planning CT thoracic spine should be done for 
measurement of safe length and safe trajectory 
This study is an attempt to evaluate safe placement of anterior and 
posterior screws by computed tomography analysis of length and trajectory for 
thoracic spine in patients who underwent CT Thorax or thoracic spine in 
GOVERNMENT RAJAJI HOSPITAL, MADURAI MEDICAL COLLEGE, 
MADURAI. 
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AIM & OBJECTIVE 
 To determine the safe length and safe angle for anterior and posterior 
screw instrumentation in thoracic spine using CT Thorax / CT Thoracic 
spine in our population. 
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REVIEW OF LITERATURE 
Embryology 
The vertebral column develops from the condensation of mesoderm on 
either side of notochord known as paraxial mesoderm. Initially the pair of 
paraxial mesoderm is unsegmented. Then segmentation of paraxial mesoderm 
forms somites. During differentiation somite divides into sclerotome, which 
forms rudimentary centrum and neural arch and dermatomyotome, which 
forms dermis and paraspinal muscles. Sclerotomic fissure divides sclerotome 
into cranial and caudal part. Caudal part of one segment fuses with subsequent 
segment cranial part forming definitive centrum. Mesenchymal condensation 
round sclerotomic fissure forms perichordal disc, future intervertebral disc 
which has nucleus pulposus of notochord origin and annulus fibrous of 
mesenchymal origin. 
Costal element that arise from centrum forms ribs 
Anatomy 
Thoracic vertebra parts 
 Vertebral body 
 Pedicle 
 Lamina 
 Neural arch – pedicle and lamina 
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 Vertebral canal is bounded by posterior aspect of body anteriorly and 
neural arch posteriorly 
 Spinous process is from junction of laminae,  passing downwards and 
backwards 
 Transverse process is from junction of pedicle and lamina, passing 
lateraly 
 Articular process - superior and inferior 
 Vertebral notches – superior and inferior 
 Adjacent vertebrae join to form intervertebral foramina through which 
segmental spinal nerve exits. 
Thoracic vertebrae are twelve in number which are divided into typical and 
atypical vertebrae, on the basis of shape of vertebra, presence of costal facets 
and orientation of pedicle, laminae,articular process, etc. 
Second to eight vertebrae are typical. 1
st
, 9
th
, 10
th
, 11
th
, 12
th
 are atypical. 
Ligaments of thoracic vertebral column 
 Anterior longitudinal ligament extends from atlas to sacrum, attaches to 
anterior surface of disc and vertebral body. Lateral margin merges with 
periosteum. 
 Posterior longitudinal ligament attaches to posterior surface of disc and 
adjacent margins of vertebral bodies. 
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 Ligamentum flavum is yellow, elastic and strong ligament, attached to 
lamina of adjacent vertebrae. 
 Interspinous ligament unites margins of adjacent spine. 
 Supraspinous ligament is continuation of posterior aspect of 
interspinous ligament, attaches to posterior aspect of spine. 
Arterial supply is from segmental artery or equivalent. Nutritional vessels 
reach each vertebra through anterior central, posterior central, prelaminar and 
postlaminar branches
19
. 
Motion segment 
Motion segment is also known as functional spinal unit. It consists of 
two adjacent vertebra and soft tissue intervening between two vertebra. 
Instability is defined biomechanicaly by White and Panjabi
26
 
Loss of ability of spine to maintain pattern of displacement under 
physiological loads, so there is no major deformity, no initial or additional 
deficit and no incapacitating pain. 
Column concept 
Holdsworth
6
 revolutionised the thoracic spine injury concept by 
introduction of column concept. Two column concept by Holdsworth was 
expansion of the Nicoll’s system. 
  
 
 
Three column concept by Denis 
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 Anterior column: vertebral body and disc. 
 Posterior column:  posterior ligament complex and facet joint 
With CT scan, Denis
3
 made modification of Holdsworth 2 columnn 
concept into three column concept. 
 Anterior column: anterior part of vertebral body, anterior annulus, 
anterior longitudinal ligament. 
 Middle column: posterior half of vertebral body with annulus and 
posterior longitudinal ligament. 
 Posterior column: posterior ligamentous complex with osseous posterior 
elements. 
AO Classification: 
AO/ASIF classification is introduced by Magerl et al
14
 in 1994, which is 
based on Holdsworth two column concept 
Type A: compression injury 
Type B: distraction injury 
Type C: rotational injury 
Spinal instrumentation 
Surgical treatment for instability is by promoting bony fusion to correct 
pathological instability at affected level. Bony fusion is achieved with 
  
AO classification by Magerl  
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immobilisation. Immobilisation is done with orthotic internal fixation. 
Advantage of internal fixation is early mobilisation. 
The goals of fixation are to reconstruct columns that are compromised, 
with motion segment using metallic or non-metallic materials to afford 
stabilisation and immobilisation until bony fusion develops
29
. 
Cantilever beam 
Cantilever beam is the most common construct for spinal 
immobilisation especially at bone screw interface. Cantilever beam is a rigid 
beam supported only at one end 
In rod-screw cantilever, screw and rod act as cantilever. Screw attached 
to vertebral body act as bone screw cantilever. Rod attached to screw act as 
screw-rod cantilever
21
. 
Screw 
Screw forms important part in spinal instrumentation. Screw has 
 Head 
 Shaft 
 Threaded portion 
 Diameter - major and minor diameter. 
Screw pull-out strength depends on 
 Cantilever Beam Fixation 
 
 
Idealised Cantilever beam 
 
 
 
Bone-Screw interface 
A- Moment, B- Fulcrum, C- Proportional resistive Force 
 
 
Screw-Rod interface 
A- Shear Stress, B- Bending Moment, C-Screw-Rod interface 
  
 
Screw 
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 Screw-bone interface 
 Quality of bone 
 Depth of screw inserted into bone 
 Screw major diameter 
Instrumentation of thoracic spine 
 Anterior instrumentation 
 Posterior instrumentation 
 Combined 
Anterior instrumentation 
History 
In 1958, Hawk and Humphries published reports on ventral 
instrumentation for Pott’s disease through transperitoneal debridement. In 
1970, Dwyer screw-cable construct and Zielke screw-rod construct were 
introduced. In late 1970, Dunn double rod double screw construct was 
developed which had superior stability over previous constructs
30
. 
Indications: 
Instability due to following conditions 
 Neoplasm 
 Trauma 
10 
 
 Infections 
 Deformity and degenerative conditions 
Approaches to thoracic spine for anterior instrumentation 
 Trans-sternal approach 
 Lateral extracavitary approach 
 Retropleural thoracotomy 
 Transpleural thoracotomy 
 Thoracoscopic approach 
Biomechanical consideration 
The most resistance to loading in axial direction is provided by anterior 
and middle columns. So spinal instability and kyphotic deformity occurs in 
destruction of anterior and middle column. Anterior and middle columns are 
optimally reconstructed with ventral approach. 
Instrumentation 
The basic principle for insertion of rod and plate constructs is same. In 
both systems instrumentation is done on ventrolateral aspect of body. 
Instrumentation is done to stabilise reconstruction model
29
. 
In all types of anterior instrumentation, screw is inserted into 
ventrolateral aspect of vertebral body. During screw instrumentation into 
ventrolateral aspect, screw is directed anteriorly to avoid entry of screw into 
Dorsal Bolt Trajectory 
 
 
 
 
 
 
10 degrees away from the Spinal Canal 
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spinal canal and causing neurological deficit, because of concave shape of 
spinal canal in anterior aspect of spinal canal (posterior cortex of vertebral 
body). Screw insertion point is anterior to posterior superior aspect of 
vertebral body 4 to 5mm. Vertebral body has outer cortical bone and inner 
cancellous bone. Pre-operative CT scan of thoracic spine is necessary to 
estimate screw length, because bicortical purchase has maximum stability as 
compared to unicortical purchase
30
. 
Recent research on single screw, as used in thoracoscopic approach and 
two screws construct by biomechanical means showed no statistically 
significant
30
. 
Complication 
 Injury to internal organs 
 Injury to great vessels 
 Injury to spinal cord 
 Instrumentation failure 
Artery of Adamkiewicz 
The largest feeder of lumbar cord usually located left and enters the 
spinal canal through intervertebral foramina anywhere from T9 – T11. Injury 
to the artery causes neurological deficit
2
. 
So during anterior spinal surgeries 
  
Artery of Adamkiewicz 
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 Segmental spinal arteries are ligated only as necessary to gain exposure 
 Segmental spinal arteries are ligated near aorta 
 Segmental arteries are ligated on one side only 
 Limit dissection around foramina to one level 
Posterior screw instrumentation
22
 
 Pedicle screw fixation 
 Extrapedicular screw fixation 
Pedicle screw fixation 
History 
Boucher
1
 was the first person to use pedicle screw. In 1963 Roy-
Camille
20
 used pedicle screw in thoracic spine. 
Biomechanically pedicle screw fixation system is superior to other 
construct by Panjabi et al. 
Pedicle screw is inserted into vertebral body through pedicle. So during 
pedicle screw instrumentation, screw traverses through all the three column 
and rigidly stabilises all the columns. The pull strength of the screw is related 
to bone density and is increased by convergent screw trajectory as it increases 
screw insertion length. 
Indications: 
  
 
Thoracic pedicle screw positioning 
 
 
 
 
Exrtapedicular and Intrapedicular Screw Trajectory 
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Instability due to trauma, tumour, infection, degenerative process 
Scoliosis and deformity correction 
Advantages: 
 More secure than other construct 
 Stability in 5 planes of motion 
 To achieve stabilisation at instability level fewer motion segments are 
incorporated. 
 Multidirectional corrective forces are applied to pedicle screw for 
correction of deformity 
 No need for intact posterior elements for pedicle screw fixation 
 Avoids instrumentation placement in spinal cord as in hooks and 
sublaminar wires 
Disadvantage 
 Steep learning curve 
 Caudal penetration causes nerve root injury 
 Medial penetration causes durotomy 
 Requires extensive muscle dissection before instrumentation 
 Lengthy operating time with increased risk for infection and blood loss 
 Adjacent segment degeneration 
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Pedicle anatomy
24
 
Pedicle is a cylindrical, strong & anatomical bridge between posterior 
elements and vertebral body. Pedicle is composed of inner core of cancellous 
bone surrounded by outer shell of cortical bone.  
Throughout vertebral column angulation and size of pedicle varies. The 
transverse pedicle angle or angulation in coronal plane decreases from T1 
downwards. 
Screw insertion 
During pedicle screw insertion, lateral view is useful to assess the depth 
of screw penetration into vertebral body. Screw penetration of 50 to 80% of 
AP diameter of vertebral body is sufficient. Beyond 80% penetration of body 
on lateral view, ventral penetration of cortex is suspected because of convex 
shape of ventral aspect of vertebral body
22
. 
Complication 
 Misplaced screws 
 Neurological injury 
 Pedicle fracture 
 CSF leakage 
 Infection 
 Retroperitoneal injury 
  
 
 
Pedicle screw positioning 
 
 
 
Convergent screw trajectory increases the pull-out strength and 
overall stability of pedicle screw construct in comparison with parallel 
screw insertion 
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 Implant failure 
Pedicle violation 
Postoperative CT thoracic spine is useful Pedicle violation grading
5
 
 Grade I: screw within pedicle 
 Grade II: screw violates lateral border of pedicle, but tip within body of 
vertebra 
 Grade III: screw tip breaches either anterior or lateral cortex of vertebral 
body 
 Grade IV: screw violates medial border or lateral border 
 Grade V: screw penetrates vertebral body or breaches pedicle and 
endangers nerve root, spinal cord, or great vessels 
Grading of pedicle screw insertion
10
 
 Grade I: pedicular cortex replaced by screw 
 Grade II: screw extends less than 2 mm from pedicular cortex 
 Grade III: screw extends more than 2mm from pedicular cortex 
 
Extrapedicular screw instrumentation
23
 
In 1993, Dvorak et al4 described extrapedicular screw instrumentation 
Indication 
16 
 
 Hyperkyphosis 
 Congenital /acquired kyphotic deformity 
 Fracture stabilisation 
 Scoliosis 
 Instability after Tumour removal 
Contraindication 
 Severe rotation 
 Dysplasia around screw insertion zone 
 Fixed deformity 
Advantages
8, 25, 27
 
 Decreased risk to spinal canal due to increased distance 
 Multiple cortex penetration improves fixation 
 Pull-out strength of screw is increased due to long screw and due to 
large diameter of screw 
 Higher variability of angle of insertion 
Screw insertion
7
 
The entry point is transverse process tip, then through rib-pedicle unit 
into lateral cortex of vertebral body 
 
  
 
 
 
Boundaries for safe pedicular screw placement in the thoracic 
vertebra using an extrapedicular approach (left) and an intrapedicular 
approach (right). The extrapedicular technique allows greater 
flexibility in the selection of the screw entry point 
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Grading of Extrapedicular screw insertion
10, 25
 
 Grade I: screw with in rib-pedicle unit 
 Grade II: less than 2mm violation of rib-pedicle unit medially 
 Grade III: screw penetration more than 2mm into spinal canal. 
Complication same as pedicle screw insertion but in less degree 
Salvage option 
Extrapedicular screw instrumentation is used as alternative, if pedicle 
screw placement is anatomically not possible
28
. 
Combined: 
In presence of comminution of anterior column along with involvement of 
posterior column, posterior stabilisation alone lead to early failure
15
. Therefore 
anterior stabilisation is done in addition to posterior stabilisation either in one 
stage or two stages. If two stages, first posterior followed anterior surgery. 
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MATERIAL AND METHODS 
Totally 100 patients of which 50 male and 50 female patients were 
included in my study, who underwent CT thorax / CT thoracic spine for 
evaluation of suspected thorax / thoracic spine lesion due trauma, infections, 
malignancy or degenerative process. This study was conducted in Department 
of Neurosurgery and Department of Radiodiagnosis, Madurai Medical 
College, Madurai during 2013 – 2014. 
Inclusion criteria: 
 Age greater than 18 years 
 Agreed to participate in the study and sign the consent form 
 All CT Thorax / Thoracic spine studies done in patient with suspected 
Thoracic injury / Thoracic lesion 
Exclusion criteria: 
 Patient refuses to participate in the study 
 Patient with thoracic spine spondylotic changes 
 Patient with thoracic spine inflammatory changes 
 Patient with thoracic spine fracture 
 Patient with thoracic spine dislocation 
 Patient with thoracic vertebral body destruction 
19 
 
All CT studies that satisfied inclusion criteria with slice thickness of 5mm 
were evaluated. CT scans were viewed with 32-bit research version Osirix 
application in Apple Macintosh computer. Thoracic spines from T1 to T12 
were analysed from both sides for anterior instrumentation and both sides for 
posterior instrumentation. 
Axial views are analysed for measurement of length and angle. Multiplanar 
reconstruction mode is used to precisely locate the vertebral level. 
Instability of thoracic spine is stabilized by anterior, posterior 
instrumentation, or both. In both anterior and posterior instrumentation spinal 
cord, major vascular structures such as aorta and IVC are at risk due to close 
proximity to thoracic spine. So during instrumentation length and trajectory 
are important to avoid neurologic and vascular injury. In this study my aim is 
to define length of screw and angle of screw for safe anterior and posterior 
screw instrumentation 
For anterior instrumentation, Transverse dimension and vertebral angle are 
measured 
Transverse dimension: 
Distance from rib head anterior border to vertebral body lateral cortex 
Posterior safe Angle: 
  
 
 
 
 
 
 
Transverse Diameter 
 
 
PSA- Posterior Safe Angle 
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Angle subtended by line which connects anterior convex aspect of the 
rib heads with a line connect most concave  antero-lateral aspect of vertebral 
canal to anterior convex aspect of the rib 
For posterior instrumentation, pedicular chord length, extrapedicular 
cord length, pedicular angle and extrapedicular angles are measured. 
Pedicular Chord Length: 
Distance from transverse process lamina junction to anterior convex 
cortex of vertebral body along the long axis of pedicle 
Extrapedicular Cord Length: 
Distance from costo-transverse joint to anterior convex cortex of 
vertebral body through rib-pedicle unit 
Pedicular Angle: 
Angle subtended by line bisecting vertebral canal in AP direction at its 
midpoint with line along pedicular chord length 
Extrapedicular Angle: 
Angle subtended by line bisecting vertebral canal in AP direction at its 
midpoint with line along pedicular chord length 
With these parameters, length of screw and angle of screw for safe 
anterior and posterior screw instrumentation were measured. 
  
Chord Length 
A- Pedicular Chord Length 
B- Extrapedicular Chord Length 
 
 
 
 
Angle 
G- Pedicular Angle 
H- Extrapedicular Angle 
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Master chart was used to register the information collected regarding 
length and angle for safe anterior and posterior instrumentation. Data analysis 
was done using computer software EPIDEMIOLOGICAL INFORMATION 
PACKAGE (EPI 2002). 
Using this computer software Mean, Standard Deviation and p-value by 
student t-test were computed at each level for all the twelve thoracic vertebra 
on both sides for all the 50 male and 50 female patients. 
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RESULTS 
In this study, transverse diameters, posterior safe angle for anterior 
screw instrumentation and pedicular chord length, extrapedicular chord length, 
pedicular angle, extrapedicular angle were measured. Mean and Standard 
deviation and p-value results were computed and analysed for statistical 
significance. 
Sex distribution: 
In this study, total 100 patients with equal male and female distribution 
i.e. 50 male and 50 female patients. Male: Female ratio is 1: 1 
Age Distribution: 
In this study, 
 For males, minimum age was 22 years and maximum age was 76 years. 
The mean was 51.04 years with standard deviation of 10.26. 
For females, minimum age was 19 years and maximum age was 80 
years. The mean was 44.80 years with standard deviation of 14.69. 
 
 
 
  
 
 
 
 
 
 
 
 
 
Age Distribution 
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Transverse Diameter: 
The transverse diameter was measured from CT scan for placing 
anterior screw instrumentation on the right side and left side in males and in 
females. The transverse diameter gradually increased from T1 to T12 for both 
right and left sides, males and females 
 
Males 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 23.81 2.56 23.50 2.52 
T12 38.60 3.10 38.92 3.40 
  
 
 
   
Females 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 21.34 2.48 21.14 2.51 
T12 35.37 2.90 35.12 3.10 
  
Transverse Diameter 
 
 
 
Right Side 
 
 
 
Left Side  
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For analysis of statistical significance, the transverse diameter measured 
from CT scan for placing anterior screw instrumentation on the right side in 
males was compared with the left side in males. 
Measured Transverse Diameter in Males 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 23.81 2.56 23.50 2.52 0.543 
T2 24.23 2.49 24.01 2.53 0.662 
T3 24.38 2.71 24.30 2.64 0.881 
T4 24.50 2.54 24.32 2.57 0.725 
T5 26.25 2.57 27.05 2.43 0.113 
T6 27.90 2.44 28.11 2.40 0.665 
T7 29.71 2.39 29.64 2.36 0.883 
T8 31.50 2.51 31.32 2.70 0.731 
T9 32.04 3.01 32.39 3.02 0.563 
T10 34.21 2.24 34.51 2.92 0.566 
T11 36.49 2.30 37.41 2.45 0.056 
T12 38.60 3.10 38.92 3.40 0.624 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Transverse Diameter in Males – Right 
 
 
 
 
 
 
 
 
 
 
Measured Transverse Diameter in Males – Left 
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For analysis of statistical significance, the transverse diameter measured 
from CT scan for placing anterior screw instrumentation on the right side in 
females was compared with the left side in females. 
Measured Transverse Diameter in Females 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 21.34 2.48 21.14 2.51 0.689 
T2 22.51 2.50 22.20 2.47 0.534 
T3 22.65 2.60 22.38 2.59 0.604 
T4 22.93 2.52 23.01 2.60 0.876 
T5 23.43 2.62 23.34 2.65 0.865 
T6 25.22 2.50 24.97 2.73 0.634 
T7 26.86 2.40 26.92 2.53 0.903 
T8 28.80 2.59 28.51 2.62 0.579 
T9 29.24 2.81 28.90 2.67 0.537 
T10 31.20 2.25 32.10 2.54 0.064 
T11 33.14 2.32 34.01 2.59 0.080 
T12 35.37 2.90 35.12 3.10 0.678 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Transverse Diameter in Females – Right 
 
 
 
 
 
 
 
 
Measured Transverse Diameter in Females – Left 
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For analysis of statistical significance, the transverse diameter measured 
from CT scan for placing anterior screw instrumentation on the right side in 
males was compared with the right side in females. 
Measured Transverse Diameter on Right side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 23.81 2.56 21.34 2.48 <0.001 
T2 24.23 2.49 22.51 2.50 0.001 
T3 24.38 2.71 22.65 2.60 0.002 
T4 24.50 2.54 22.93 2.52 0.003 
T5 26.25 2.57 23.43 2.62 <0.001 
T6 27.90 2.44 25.22 2.50 <0.001 
T7 29.71 2.39 26.86 2.40 <0.001 
T8 31.50 2.51 28.80 2.59 <0.001 
T9 32.04 3.01 29.24 2.81 <0.001 
T10 34.21 2.24 31.20 2.25 <0.001 
T11 36.49 2.30 33.14 2.32 <0.001 
T12 38.60 3.10 35.37 2.90 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
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For analysis of statistical significance, the transverse diameter measured 
from CT scan for placing anterior screw instrumentation on the left side in 
males was compared with the left side in females. 
Measured Transverse Diameter on Left side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 23.50 2.52 21.14 2.51 <0.001 
T2 24.01 2.53 22.20 2.47 <0.001 
T3 24.30 2.64 22.38 2.59 <0.001 
T4 24.32 2.57 23.01 2.60 0.013 
T5 27.05 2.43 23.34 2.65 <0.001 
T6 28.11 2.40 24.97 2.73 <0.001 
T7 29.64 2.36 26.92 2.53 <0.001 
T8 31.32 2.70 28.51 2.62 <0.001 
T9 32.39 3.02 28.90 2.67 <0.001 
T10 34.51 2.92 32.10 2.54 <0.001 
T11 37.41 2.45 34.01 2.59 <0.001 
T12 38.92 3.40 35.12 3.10 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
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Posterior Safe Angle: 
The posterior safe angle was measured from CT scan for placing 
anterior screw instrumentation on the right side and left side in males and in 
females. The posterior gradually decreased from T1 to T12 for both right and 
left sides, males and females. 
 
Males 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 31.80 4.13 31.63 4.01 
T12 -4.71 1.59 -5.10 1.86 
  
 
 
   
Females 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 30.62 4.20 31.51 4.16 
T12 -4.60 1.86 -4.95 1.65 
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For analysis of statistical significance, the posterior safe angle measured 
from CT scan for placing anterior screw instrumentation on the right side in 
males was compared with the left side in males. 
Measured Posterior Safe Angle in Males 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 31.80 4.13 31.63 4.01 0.835 
T2 27.90 3.96 27.42 3.81 0.538 
T3 23.40 3.26 23.28 3.38 0.845 
T4 22.01 3.12 21.90 3.02 0.858 
T5 21.45 3.07 21.60 3.10 0.808 
T6 15.70 2.01 14.90 2.14 0.057 
T7 14.60 1.99 14.22 1.61 0.295 
T8 10.60 1.70 10.01 1.31 0.055 
T9 6.80 1.49 6.25 1.50 0.690 
T10 4.91 1.54 4.50 1.61 0.196 
T11 -0.50 1.81 -1.08 1.30 0.069 
T12 -4.71 1.59 -5.10 1.86 0.262 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
 Measured Posterior Safe Angle in Males – Right 
 
 
 
 
 
 
 
 
Measured Posterior Safe Angle in Males – Left 
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For analysis of statistical significance, the posterior safe angle measured 
from CT scan for placing anterior screw instrumentation on the right side in 
females was compared with the left side in females. 
Measured Posterior Safe Angle in Females 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 30.62 4.20 31.51 4.16 0.290 
T2 26.60 3.92 27.10 4.03 0.531 
T3 22.23 3.21 23.40 3.26 0.074 
T4 20.86 3.24 21.30 3.17 0.494 
T5 20.35 3.12 20.51 3.38 0.806 
T6 15.01 2.18 14.28 2.30 0.107 
T7 14.11 1.72 13.95 1.63 0.634 
T8 10.13 1.72 9.60 1.37 0.091 
T9 6.29 1.37 6.76 1.50 0.150 
T10 4.23 1.91 4.38 2.01 0.703 
T11 -1.00 1.63 -0.90 1.43 0.745 
T12 -4.60 1.86 -4.95 1.65 0.322 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
 Measured Posterior Safe Angle in Females – Right 
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For analysis of statistical significance, the posterior safe angle measured 
from CT scan for placing anterior screw instrumentation on the right side in 
males was compared with the right side in females. 
Measured Posterior Safe Angle on Right side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 31.80 4.13 30.62 4.20 0.160 
T2 27.90 3.96 26.60 3.92 0.102 
T3 23.40 3.26 22.23 3.21 0.071 
T4 22.01 3.12 20.86 3.24 0.074 
T5 21.45 3.07 20.35 3.12 0.079 
T6 15.70 2.01 15.01 2.18 0.103 
T7 14.60 1.99 14.11 1.72 0.191 
T8 10.60 1.70 10.13 1.72 0.173 
T9 6.80 1.49 6.29 1.37 0.078 
T10 4.91 1.54 4.23 1.91 0.053 
T11 -0.50 1.81 -1.00 1.63 0.150 
T12 -4.71 1.59 -4.60 1.86 0.751 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
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For analysis of statistical significance, the posterior safe angle measured 
from CT scan for placing anterior screw instrumentation on the left side in 
males was compared with the left side in females. 
Measured Posterior Safe Angle on  Left side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 31.63 4.01 31.51 4.16 0.884 
T2 27.42 3.81 27.10 4.03 0.684 
T3 23.28 3.38 23.40 3.26 0.857 
T4 21.90 3.02 21.30 3.17 0.335 
T5 21.60 3.10 20.51 3.38 0.096 
T6 14.90 2.14 14.28 2.30 0.166 
T7 14.22 1.61 13.95 1.63 0.405 
T8 10.01 1.31 9.60 1.37 0.129 
T9 6.25 1.50 6.76 1.50 0.092 
T10 4.50 1.61 4.38 2.01 0.742 
T11 -1.08 1.30 -0.90 1.43 0.512 
T12 -5.10 1.86 -4.95 1.65 0.671 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
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Pedicular Chord Length: 
The Pedicular Chord Length was measured from CT scan for placing 
posterior screw instrumentation on the right side and left side in males and in 
females. The Pedicular Chord Length gradually increased from T1 to T9, then 
started to decrease from T10 for both right and left sides, males and females. 
 
Males 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 29.91 3.12 28.98 2.86 
T9 41.52 3.22 40.53 3.31 
T10 40.83 3.30 40.28 3.21 
     
 
 
Females 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 27.13 2.67 26.51 2.52 
T9 37.19 3.31 37.21 3.29 
T10 36.24 3.26 36.15 3.18 
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For analysis of statistical significance, the Pedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the left side in males. 
Measured Pedicular Chord length in Males 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 29.91 3.12 28.98 2.86 0.123 
T2 32.14 3.36 31.23 3.12 0.164 
T3 33.56 3.61 32.93 3.42 0.373 
T4 34.31 3.53 33.32 3.29 0.150 
T5 36.06 3.17 35.53 3.18 0.406 
T6 37.58 3.21 36.56 3.22 0.116 
T7 38.89 3.06 38.31 3.12 0.350 
T8 40.67 3.18 40.01 3.01 0.289 
T9 41.52 3.22 40.53 3.31 0.133 
T10 40.83 3.30 40.28 3.21 0.400 
T11 39.92 3.23 38.77 3.03 0.069 
T12 38.11 3.29 37.50 3.19 0.407 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Pedicular Chord length in Males – Right 
 
 
 
 
 
 
 
 
 
Measured Pedicular Chord length in Males – Left 
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For analysis of statistical significance, the Pedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in females was compared with the left side in females. 
Measured Pedicular Chord length in Females 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 27.13 2.67 26.51 2.52 0.235 
T2 30.23 3.10 29.85 3.07 0.539 
T3 31.07 3.09 30.93 3.23 0.825 
T4 31.42 3.35 31.32 3.05 0.876 
T5 32.52 3.08 32.03 3.10 0.433 
T6 33.16 3.52 32.84 3.44 0.647 
T7 35.31 3.03 36.40 3.18 0.082 
T8 36.36 3.41 36.55 3.32 0.778 
T9 37.19 3.31 37.21 3.29 0.976 
T10 36.24 3.26 36.15 3.18 0.889 
T11 35.67 2.93 35.16 3.02 0.394 
T12 35.57 3.16 34.93 3.24 0.320 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Pedicular Chord length in Females – Right 
 
 
 
 
 
 
Measured Pedicular Chord length in Females – Left 
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For analysis of statistical significance, the Pedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the right side in females. 
Measured Pedicular Chord length on Right side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 29.91 3.12 27.13 2.67 <0.001 
T2 32.14 3.36 30.23 3.10 0.004 
T3 33.56 3.61 31.07 3.09 <0.001 
T4 34.31 3.53 31.42 3.35 <0.001 
T5 36.06 3.17 32.52 3.08 <0.001 
T6 37.58 3.21 33.16 3.52 <0.001 
T7 38.89 3.06 35.31 3.03 <0.001 
T8 40.67 3.18 36.36 3.41 <0.001 
T9 41.52 3.22 37.19 3.31 <0.001 
T10 40.83 3.30 36.24 3.26 <0.001 
T11 39.92 3.23 35.67 2.93 <0.001 
T12 38.11 3.29 35.57 3.16 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
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For analysis of statistical significance, the Pedicular Chord Length 
measured from CT scan for placing anterior screw instrumentation on the left 
side in males was compared with the left side in females. 
Measured Pedicular Chord length on  Left side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 28.98 2.86 26.51 2.52 <0.001 
T2 31.23 3.12 29.85 3.07 0.023 
T3 32.93 3.42 30.93 3.23 0.003 
T4 33.32 3.29 31.32 3.05 0.002 
T5 35.53 3.18 32.03 3.10 <0.001 
T6 36.56 3.22 32.84 3.44 <0.001 
T7 38.31 3.12 36.40 3.18 0.003 
T8 40.01 3.01 36.55 3.32 <0.001 
T9 40.53 3.31 37.21 3.29 <0.001 
T10 40.28 3.21 36.15 3.18 <0.001 
T11 38.77 3.03 35.16 3.02 <0.001 
T12 37.50 3.19 34.93 3.24 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
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Pedicular Angle: 
The Pedicular Angle was measured from CT scan for placing posterior 
screw instrumentation on the right side and left side in males and in females. 
The Pedicular Angle gradually decreased from T1 to T12 for both right and 
left sides, males and females. 
 
Males 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 32.24 3.59 31.45 3.52 
T12 4.35 1.54 4.57 1.32 
   
 
 
  
Females 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 31.89 3.51 31.47 3.46 
T12 4.07 1.29 4.56 1.30 
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For analysis of statistical significance, the Pedicular Angle measured 
from CT scan for placing posterior screw instrumentation on the right side in 
males was compared with the left side in males. 
Measured Pedicular Angle in Males 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 32.24 3.59 31.45 3.52 0.269 
T2 21.52 3.05 21.15 3.11 0.549 
T3 14.47 2.96 14.15 2.84 0.584 
T4 11.93 2.46 11.57 2.35 0.456 
T5 10.17 2.31 9.98 2.17 0.673 
T6 9.42 2.12 9.26 2.06 0.703 
T7 9.01 2.07 8.79 2.13 0.602 
T8 8.48 2.13 7.92 2.01 0.179 
T9 8.03 2.01 7.54 2.02 0.227 
T10 6.17 1.85 5.86 1.72 0.388 
T11 5.03 1.64 4.85 1.43 0.560 
T12 4.35 1.54 4.57 1.32 0.445 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Pedicular Angle in Males – Right 
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0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
40 
 
For analysis of statistical significance, the Pedicular Angle measured 
from CT scan for placing posterior screw instrumentation on the right side in 
females was compared with the left side in females. 
Measured Pedicular Angle in Females 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 31.89 3.51 31.47 3.46 0.548 
T2 22.11 3.12 21.83 3.14 0.656 
T3 15.38 2.85 14.93 2.79 0.427 
T4 12.48 2.39 12.07 2.41 0.395 
T5 11.02 2.49 10.12 2.51 0.075 
T6 10.18 2.13 9.69 2.07 0.246 
T7 9.67 2.12 9.37 2.08 0.477 
T8 9.03 2.17 8.69 2.09 0.427 
T9 8.65 2.12 8.35 2.17 0.486 
T10 6.07 1.91 5.76 1.85 0.412 
T11 4.96 1.53 5.06 1.54 0.745 
T12 4.07 1.29 4.56 1.30 0.061 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured Pedicular Angle in Females – Right 
 
 
 
 
 
 
Measured Pedicular Angle in Females – Left 
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For analysis of statistical significance, the Pedicular Angle measured 
from CT scan for placing posterior screw instrumentation on the right side in 
males was compared with the right side in females. 
Measured Pedicular Angle on Right side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 32.24 3.59 31.89 3.51 0.623 
T2 21.52 3.05 22.11 3.12 0.341 
T3 14.47 2.96 15.38 2.85 0.121 
T4 11.93 2.46 12.48 2.39 0.260 
T5 10.17 2.31 11.02 2.49 0.080 
T6 9.42 2.12 10.18 2.13 0.077 
T7 9.01 2.07 9.67 2.12 0.188 
T8 8.48 2.13 9.03 2.17 0.204 
T9 8.03 2.01 8.65 2.12 0.137 
T10 6.17 1.85 6.07 1.91 0.791 
T11 5.03 1.64 4.96 1.53 0.826 
T12 4.35 1.54 4.07 1.29 0.327 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
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For analysis of statistical significance, the Pedicular Angle measured 
from CT scan for placing posterior screw instrumentation on the left side in 
males was compared with the left side in females. 
Measured Pedicular Angle on  Left side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 31.45 3.52 31.47 3.46 0.977 
T2 21.15 3.11 21.83 3.14 0.279 
T3 14.15 2.84 14.93 2.79 0.169 
T4 11.57 2.35 12.07 2.41 0.296 
T5 9.98 2.17 10.12 2.51 0.766 
T6 9.26 2.06 9.69 2.07 0.300 
T7 8.79 2.13 9.37 2.08 0.171 
T8 7.92 2.01 8.69 2.09 0.063 
T9 7.54 2.02 8.35 2.17 0.056 
T10 5.86 1.72 5.76 1.85 0.780 
T11 4.85 1.43 5.06 1.54 0.482 
T12 4.57 1.32 4.56 1.30 0.970 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
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ExtraPedicular Chord Length: 
The ExtraPedicular Chord Length was measured from CT scan for 
placing posterior screw instrumentation on the right side and left side in males 
and in females. TheExtra Pedicular Chord Length gradually increased from T1 
to T8, then started to decrease from T9 for both right and left sides, males and 
females. 
 
Males 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 39.23 3.24 38.43 3.21 
T8 53.34 4.38 53.09 4.22 
T9 52.81 4.11 51.56 4.23 
   
 
 
  
Females 
Level 
Right Left 
Mean (mm) SD Mean (mm) SD 
T1 37.43 3.18 37.10 3.20 
T8 49.29 4.21 49.04 4.20 
T9 48.37 4.34 47.89 4.26 
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For analysis of statistical significance, the ExtraPedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the left side in males 
Measured ExtraPedicular Chord length in Males 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 39.23 3.24 38.43 3.21 0.218 
T2 42.91 3.42 42.18 3.37 0.285 
T3 44.55 3.73 43.74 3.64 0.274 
T4 46.88 4.01 45.98 3.87 0.256 
T5 49.92 4.04 48.98 3.81 0.234 
T6 50.37 4.42 50.04 4.12 0.700 
T7 52.29 4.15 51.79 4.06 0.544 
T8 53.34 4.38 53.09 4.22 0.722 
T9 52.81 4.11 51.56 4.23 0.137 
T10 51.26 4.35 50.83 4.23 0.617 
T11 48.55 3.95 48.18 3.72 0.631 
T12 46.63 3.74 47.13 3.69 0.503 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured ExtraPedicular Chord length in Males – Right 
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For analysis of statistical significance, the ExtraPedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in females was compared with the left side in females 
Measured ExtraPedicular Chord length in Females 
Level 
Right Left 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 37.43 3.18 37.10 3.20 0.512 
T2 39.15 3.45 38.56 3.35 0.388 
T3 41.60 3.62 41.23 3.58 0.608 
T4 43.91 3.64 43.16 3.46 0.294 
T5 45.93 3.76 44.97 3.63 0.197 
T6 46.74 3.94 45.86 3.98 0.269 
T7 47.52 4.13 47.03 4.11 0.553 
T8 49.29 4.21 49.04 4.20 0.767 
T9 48.37 4.34 47.89 4.26 0.578 
T10 46.29 3.91 46.31 4.02 0.980 
T11 43.81 3.69 44.12 3.79 0.679 
T12 42.64 3.50 43.97 3.55 0.062 
 
On comparison, there is no significant statistical difference with p-value 
> 0.05 at all levels 
 Measured ExtraPedicular Chord length in Females – Right 
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For analysis of statistical significance, the ExtraPedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the right side in females 
Measured ExtraPedicular Chord length on Right side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 39.23 3.24 37.43 3.18 0.006 
T2 42.91 3.42 39.15 3.45 <0.001 
T3 44.55 3.73 41.60 3.62 <0.001 
T4 46.88 4.01 43.91 3.64 <0.001 
T5 49.92 4.04 45.93 3.76 <0.001 
T6 50.37 4.42 46.74 3.94 <0.001 
T7 52.29 4.15 47.52 4.13 <0.001 
T8 53.34 4.38 49.29 4.21 <0.001 
T9 52.81 4.11 48.37 4.34 <0.001 
T10 51.26 4.35 46.29 3.91 <0.001 
T11 48.55 3.95 43.81 3.69 <0.001 
T12 46.63 3.74 42.64 3.50 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
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For analysis of statistical significance, the ExtraPedicular Chord Length 
measured from CT scan for placing posterior screw instrumentation on the left 
side in males was compared with the left side in females 
Measured ExtraPedicular Chord length on  Left side 
Level 
Male Female 
p-value 
Mean (mm) SD Mean (mm) SD 
T1 38.43 3.21 37.10 3.20 0.029 
T2 42.18 3.37 38.56 3.35 <0.001 
T3 43.74 3.64 41.23 3.58 0.001 
T4 45.98 3.87 43.16 3.46 <0.001 
T5 48.98 3.81 44.97 3.63 <0.001 
T6 50.04 4.12 45.86 3.98 <0.001 
T7 51.79 4.06 47.03 4.11 <0.001 
T8 53.09 4.22 49.04 4.20 <0.001 
T9 51.56 4.23 47.89 4.26 <0.001 
T10 50.83 4.23 46.31 4.02 <0.001 
T11 48.18 3.72 44.12 3.79 <0.001 
T12 47.13 3.69 43.97 3.55 <0.001 
 
On comparison, there is significant statistical difference with p-value 
<0.05 at all levels 
48 
 
ExtraPedicular Angle: 
The ExtraPedicular Angle was measured from CT scan for placing 
posterior screw instrumentation on the right side and left side in males and in 
females. The ExtraPedicular Angle gradually decreased from T1 to T12 for 
both right and left sides, males and females. 
 
Males 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 47.19 5.01 46.23 5.13 
T12 18.63 3.03 17.48 3.23 
    
 
 
 
Females 
Level 
Right Left 
Mean (
o
) SD Mean (
o
) SD 
T1 45.73 4.98 45.23 5.02 
T12 19.48 3.15 18.39 3.14 
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Right Side 
 
 
 
Left Side 
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For analysis of statistical significance, the ExtraPedicular Angle 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the left side in males 
Measured ExtraPedicular Angle in Males 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 47.19 5.01 46.23 5.13 0.346 
T2 38.45 4.51 37.72 4.46 0.418 
T3 32.18 4.21 31.75 4.25 0.612 
T4 29.63 4.13 29.52 4.02 0.893 
T5 29.47 4.01 28.06 4.13 0.086 
T6 28.52 3.99 27.96 3.89 0.479 
T7 27.68 3.86 27.43 3.94 0.749 
T8 27.21 3.91 26.96 3.86 0.748 
T9 26.15 3.47 25.61 3.56 0.444 
T10 23.53 3.26 23.96 3.48 0.525 
T11 20.11 3.12 21.23 3.41 0.090 
T12 18.63 3.03 17.48 3.23 0.069 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
 Measured ExtraPedicular Angle in Males – Right 
 
 
 
 
 
 
 
 
 
Measured ExtraPedicular Angle in Males - Left 
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For analysis of statistical significance, the ExtraPedicular Angle 
measured from CT scan for placing posterior screw instrumentation on the 
right side in females was compared with the left side in females 
Measured ExtraPedicular Angle in Females 
Level 
Right Left 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 45.73 4.98 45.23 5.02 0.618 
T2 37.36 4.56 36.72 4.45 0.479 
T3 31.09 4.16 30.73 4.19 0.667 
T4 30.52 4.05 30.01 4.18 0.537 
T5 29.06 4.04 28.43 4.25 0.449 
T6 28.07 3.93 27.84 3.91 0.770 
T7 27.23 3.74 27.57 3.86 0.656 
T8 26.68 3.83 27.16 4.08 0.546 
T9 24.83 3.76 25.01 3.61 0.808 
T10 22.96 3.44 23.43 3.47 0.498 
T11 21.17 3.24 22.23 3.49 0.119 
T12 19.48 3.15 18.39 3.14 0.086 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
 Measured ExtraPedicular Angle in Females- Right  
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For analysis of statistical significance, the ExtraPedicular Angle 
measured from CT scan for placing posterior screw instrumentation on the 
right side in males was compared with the right side in females 
Measured ExtraPedicular Angle on Right side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 47.19 5.01 45.73 4.98 0.147 
T2 38.45 4.51 37.36 4.56 0.232 
T3 32.18 4.21 31.09 4.16 0.196 
T4 29.63 4.13 30.52 4.05 0.279 
T5 29.47 4.01 29.06 4.04 0.612 
T6 28.52 3.99 28.07 3.93 0.571 
T7 27.68 3.86 27.23 3.74 0.555 
T8 27.21 3.91 26.68 3.83 0.495 
T9 26.15 3.47 24.83 3.76 0.071 
T10 23.53 3.26 22.96 3.44 0.397 
T11 20.11 3.12 21.17 3.24 0.099 
T12 18.63 3.03 19.48 3.15 0.172 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
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For analysis of statistical significance, the ExtraPedicular Angle 
measured from CT scan for placing posterior screw instrumentation on the left 
side in males was compared with the left side in females 
Measured ExtraPedicular Angle on  Left side 
Level 
Male Female 
p-value 
Mean (
o
) SD Mean (
o
) SD 
T1 46.23 5.13 45.23 5.02 0.327 
T2 37.72 4.46 36.72 4.45 0.264 
T3 31.75 4.25 30.73 4.19 0.230 
T4 29.52 4.02 30.01 4.18 0.552 
T5 28.06 4.13 28.43 4.25 0.660 
T6 27.96 3.89 27.84 3.91 0.878 
T7 27.43 3.94 27.57 3.86 0.858 
T8 26.96 3.86 27.16 4.08 0.802 
T9 25.61 3.56 25.01 3.61 0.405 
T10 23.96 3.48 23.43 3.47 0.448 
T11 21.23 3.41 22.23 3.49 0.150 
T12 17.48 3.23 18.39 3.14 0.156 
 
On comparison, there is no significant statistical difference with p-value 
>0.05 at all levels 
53 
 
DISCUSSION 
After computer software guided measurements of thoracic spines in 100 
patients (50 males and 50 females) who underwent CT thorax / CT thoracic 
spine for suspected lesions in thorax / thoracic spine, the values are analysed 
and compared with previous studies conducted nationally and internationally. 
Transverse diameter: 
Present study showed there is gradual increase in transverse diameter 
from T1 to T12 due increase in size of vertebral body and there is statistical 
significant difference between males and females. This suggests that large 
length of screw can inserted into vertebral body ventrolaterally at lower 
thoracic level and larger screw for males. The upper level of thoracic spine 
that can be approached through thoracotomy is T3 or T4. There is no 
significant difference between the sides of screw insertion. The side of 
thoracotomy depends on surgeons preference because both sides have 
important vascular structures and internal organs. 
This study data is compared with X. H. Li et al
12
 which shows that 
transverse diameter increases from T4 to T12 and no statistical significance 
between right and left except at T8 level, but not mentioned male and female 
difference 
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level 
Transverse diameter X. H. Li et al
12
 
Left 
 
Right 
 
p-value 
Mean SD Mean SD 
T4 24.88 2.64 23.43 2.67 0.231 
T5 26.35 2.67 27.15 2.54 0.246 
T6 28.18 2.54 28.32 2.50 0.723 
T7 29.90 2.39 29.76 2.34 0.778 
T8 31.72 2.57 30.67 2.91 0.002 
T9 32.10 3.06 32.51 3.10 0.503 
T10 34.37 2.27 34.82 3.07 0.358 
T11 36.71 2.30 37.59 3.24 0.059 
T12 38.70 3.16 39.03 3.63 0.604 
 
Posterior Safe Angle: 
X. H. Li et al
12
 on their study concluded those posterior safe angles 
gradually decrease from T4 to T12. At lower levels T11 and T12 the angle 
become negative on measurement suggesting that vertebral canal is placed 
anterior to the line joining tips of corresponding ribs. The clinical implication 
of this finding during anterior screw instrumentation at ventrolateral aspect 
vertebral body is screw direction which should be directed anteriorly in T11 
and T12 to avoid screw entering into spinal canal. 
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The significant statistical difference between sides is seen at T5, T7and 
T8 level, but in present study there is no significant statistical difference, but 
not mentioned male and female difference 
level 
Posterior safe angle X. H. Li et al
12
 
Left 
 
Right 
 
p-value 
Mean SD Mean SD 
T4 22.06 5.74 20.42 4.04 0.192 
T5 21.45 6.18 18.71 4.78 0.022 
T6 15.64 4.65 14.85 5.14 0.364 
T7 14.52 3.98 10.91 3.50 0.000 
T8 10.50 3.73 8.49 2.87 0.016 
T9 7.78 3.52 6.69 3.52 0.134 
T10 5.24 5.06 3.90 3.74 0.160 
T11 -0.94 5.96 -2.14 5.40 0.256 
T12 -8.70 4.15 -9.57 4.21 0.410 
 
K. Papadimitriou et al
11
. showed in their study, there was gradual 
decrease in distance between rib heads and spinal canal. At T11 and T12 the 
value became negative. This implies that posterior safe angle also become 
negative on measurement 
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Pedicular chord length: 
Zindrick et al
21
 first described pedicle morphometric analysis using CT 
scan 
Pedicular chord length is maximum safe length of screw that can be 
inserted during pedicle screw fixation without injuring structures at anterior 
aspect of vertebral body. In this study there gradual increase in length from T1 
to T9 then from T10 started to decrease and there is no significant statistical 
difference between right and left side, but significant statistical difference 
between male and females 
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R. M. Kretzer et al
18
 did study on US trauma population, which showed 
pedicular chord length gradually increased from T1 to T9 and from T10 
started to decrease. There was statistical significant difference between male 
and female in Pedicular chord length. 
Pedicle screw insertion R. M. Kretzer et al
22
 
level 
PCL PA 
Mean SD Mean SD 
T1 33.9 3.3 32.8 3.8 
T2 35.3 3.5 20.5 4.4 
T3 36.6 3.8 13.5 4.0 
T4 38.4 3.8 11.0 3.8 
T5 39.6 3.8 9.9 4.0 
T6 40.6 4.0 8.7 3.8 
T7 42.0 4.2 8.3 4.2 
T8 43.4 4.0 8.9 3.9 
T9 44.9 4.4 9.8 3.5 
T10 44.4 4.4 8.3 3.8 
T11 43.9 4.3 5.9 3.6 
T12 44.5 4.8 3.8 3.4 
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Liau et al
13
 showed pedicular chord length gradually increased from T1 
to T8 and from T9 started to decrease. There was statistical significant 
difference between male and female in Pedicular chord length at all levels. 
Pedicular chord length Liau et al
13
 
level 
Male Female 
p-value Mean SD Mean SD 
T1 34.76 3.15 32.30 2.74 <0.001 
T2 36.65 2.75 33.41 3.09 <0.001 
T3 36.98 2.84 34.65 3.26 <0.001 
T4 37.44 3.49 35.84 3.19 <0.001 
T5 38.41 3.05 36.28 2.68 <0.001 
T6 39.21 3.34 36.89 3.04 <0.001 
T7 39.75 3.65 37.16 2.86 <0.001 
T8 40.02 3.23 37.37 2.85 <0.001 
T9 39.93 3.24 37.18 2.79 <0.001 
T10 39.09 3.20 36.40 2.99 <0.001 
T11 37.85 3.46 34.84 4.01 <0.001 
T12 37.55 3.22 34.93 4.69 <0.001 
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JH Kim, et al
9
 showed pedicular chord length gradually increased from 
T1 to T9 and from T10 started to decrease for males and gradually increased 
from T1 to T10 and from T11 started to decrease. There was statistical 
significant difference between male and female in Pedicular chord length 
except at T3, T4, T7, and T12. 
Pedicular chord length JH Kim, et al
9
 
level 
Male Female 
p-value Mean SD Mean SD 
T1 34.60 2.91 31.70 4.33 0.0255 
T2 36.10 2.99 32.20 4.24 0.0018 
T3 36.00 4.21 33.70 2.90 >0.05 
T4 37.10 4.64 36.20 1.99 >0.05 
T5 41.80 4.33 38.10 3.12 0.0044 
T6 43.70 4.29 40.60 3.64 0.0157 
T7 44.60 11.10 42.10 4.00 >0.05 
T8 46.40 4.88 42.40 4.51 0.0091 
T9 48.20 5.18 43.60 4.01 0.0005 
T10 46.20 4.30 44.20 2.41 0.0356 
T11 44.40 4.25 41.40 3.98 0.0122 
T12 40.70 5.41 38.40 2.40 >0.05 
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But Pai, et al
17
 in his study showed gradual increase of chord length 
from T1 to T12 
Pai, et al
17
 Radiological 
analysis 
Pedicle screw insertion 
Level PCL mean PA mean 
T1 28.8 22.7 
T2 31.4 15.9 
T3 32.6 12.9 
T4 33.6 10.8 
T5 34.8 10.2 
T6 36.5 9.5 
T7 38.2 8.7 
T8 38.6 8.6 
T9 39.5 8.6 
T10 40.5 8.3 
T11 40.5 8.0 
T12 41.9 7.6 
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Pedicular Angle: 
R. M. Kretzer et al
18
, Liau et al
13
, JH Kim et al
9
, Pai et al
17
 showed there was 
gradual decrease of angle from T1 to T12 except at T9 level for R. M. Kretzer 
et al.  
Pedicular Angle , Liau et al
13
 
level 
Male Female 
p-value Mean SD Mean SD 
T1 27.75 4.00 28.09 4.16 >0.05 
T2 17.85 4.61 18.16 4.87 >0.05 
T3 11.23 4.26 10.71 4.02 >0.05 
T4 8.14 2.92 7.80 3.26 >0.05 
T5 6.90 2.99 6.07 2.77 >0.05 
T6 5.58 2.38 5.28 2.76 >0.05 
T7 4.32 2.38 4.39 2.49 >0.05 
T8 3.51 2.03 3.76 2.25 >0.05 
T9 2.64 2.42 2.88 2.46 >0.05 
T10 1.26 1.81 1.27 2.07 >0.05 
T11 -0.24 1.84 0.01 2.36 >0.05 
T12 -0.58 2.77 -0.40 2.22 >0.05 
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For Liau et al
13
 no significant statistical difference between male and 
females, but for R. M. Kretzer et al
18
 and JH Kim et al
9
 at many level there 
was significant statistical difference between male and females. 
Pedicular Angle JH Kim et al
9
 
level 
Male Female 
p-value 
Mean SD Mean SD 
T1 33.20 5.32 29.60 5.80 0.0439 
T2 22.60 5.48 20.00 5.61 0.0097 
T3 15.40 6.31 14.50 4.60 >0.05 
T4 11.80 4.96 13.40 9.27 >0.05 
T5 9.90 3.64 10.10 2.62 0.008 
T6 8.60 3.71 9.10 3.12 0.0111 
T7 7.80 3.29 8.20 2.39 0.0358 
T8 7.20 3.00 7.20 2.34 0.0182 
T9 7.40 3.12 7.40 3.04 >0.05 
T10 8.00 3.37 7.20 3.01 >0.05 
T11 7.60 2.61 6.80 2.51 0.0256 
T12 6.50 2.40 6.40 1.86 >0.05 
 
63 
 
In Present study there is no significant statistical difference between right and 
left side, male and females and also gradual decrease of angle from T1 to T12 
Extrapedicular Chord Length: 
ExtraPedicular chord length JH Kim et al
9
 
level Male Female p-value 
Mean SD Mean SD 
T1 48.10 3.26 45.30 2.82 0.0041 
T2 51.70 3.53 47.90 3.59 0.0005 
T3 53.40 3.82 50.50 3.54 0.0103 
T4 56.60 4.10 52.70 3.73 0.0008 
T5 58.70 4.12 54.70 3.39 0.0003 
T6 60.20 4.55 56.60 3.43 0.0018 
T7 62.10 4.17 57.40 3.19 <.0001 
T8 61.90 4.51 57.60 3.21 <.0001 
T9 61.90 4.04 57.30 3.58 <.0001 
T10 61.30 4.40 56.00 3.64 <.0001 
T11 58.50 4.48 53.00 3.86 <.0001 
T12 56.60 4.56 52.50 4.36 0.0018 
Dvorak M et al
4
 first described extrapedicular approach for Posterior thoracic 
screw instrumentation. JH Kim et al
9
 extrapedicular chord length gradually 
increased from T1 to T9 and from T10 started to decrease for males and 
increased from T1 to T8 and from T9 started to decrease for females. There 
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was statistical significant difference between male and female in 
ExtraPedicular chord length. This study has no significant statistical difference 
between right and left side, but significant statistical difference male and 
females and also gradual increase of extrapedicular chord length from T1 to 
T8 and decrease from T9 bilaterally 
Extrapedicular Angle: 
ExtraPedicular Angle JH Kim et al
9
 
level Male Female p-value 
Mean SD Mean SD 
T1 46.80 7.02 45.40 4.50 >0.05 
T2 38.10 7.50 37.10 6.58 >0.05 
T3 31.70 6.76 32.50 4.69 >0.05 
T4 29.00 4.76 29.90 5.08 >0.05 
T5 29.20 4.44 29.10 4.57 >0.05 
T6 28.20 4.01 27.40 4.99 >0.05 
T7 27.40 3.89 26.00 4.36 >0.05 
T8 27.10 4.03 25.20 4.75 >0.05 
T9 26.10 3.50 24.30 3.78 >0.05 
T10 24.60 4.48 23.20 3.47 >0.05 
T11 22.30 3.47 22.00 3.31 >0.05 
T12 20.90 3.14 19.90 3.32 >0.05 
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JH Kim et al
9
 extrapedicular angle gradually decreased from T1 to T12 
for males and females. There was no statistical significant difference between 
male and female. This study has no significant statistical difference between 
right and left side, male and females and gradual decrease of extrapedicular 
angle from T1 to T12 bilaterally. 
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Drawbacks of this study: 
 This study only included adult population, so measurements regarding 
length and angle are not useful for paediatric population 
 The measurements are taken for virtual image that is constructed by 
computer by using matrix. So stimulation is not tested using values 
from this study. Pai et al
17
 Showed difference between measurements 
taken from radiological and from cadaveric specimens. 
 CT Thorax / CT Thoracic spine is taken in lying supine position. But 
the anterior screw instrumentation is done in lateral position and the 
posterior instrumentation is done in prone position. There is difference 
in thoracic kyphosis and relationship of surrounding structures with 
vertebra due to gravity. 
 Intraoperative imaging is useful during instrumentation 
 
  
67 
 
CONCLUSION 
 This analysis of thoracic spine provides length and transverse angle for 
safe anterior and posterior screw instrumentation for thoracic spine 
which are evaluated using Computer software DICOM Viewer. 
 These measurements show no significant statistical difference between 
sides for length and angle, no significant statistical difference between 
males and females for angle and significant statistical difference 
between males and females for length. Angles decrease from T1 to T12. 
Lengths increase from above downwards, but in posterior 
instrumentation there is a decrease in measurements in lower levels. 
 This is virtual measurement of thoracic spine in transverse plane. This is 
useful in intraoperative guidance, while using C-arm AP and Lateral 
views are possible. 
 Pre-operative CT Thoracic spine scan has become important 
investigation for pre-operative evaluation in patients planned for 
thoracic screw instrumentation
13
 
 
 
 
BIBLIOGRAPHY 
1 Boucher HH: A method of spinal fusion. J Bone Joint Surg [Br] 41:248–
259, 1959 
2 CAMPBELL’S OPERATIVE ORTHOPAEDICS: ADULT SPINE 
SURGERY 12th edition 
3 Denis F (1983) The three column spine and its significance in the 
classification of acute thoracolumbar spinal injuries. Spine 8:817–31 
4 Dvorak M,MacDonald S, Gurr KR, Bailey SI,Haddad RG (1993) An 
anatomic, radiographic, and biomechanical assessment of extrapedicular 
screw fixation in the thoracic spine. Spine 18:1689–1694 
5 Heary RF, Bono CM, Black M.Thoracic pedicle screws: postoperative 
computerized tomography scanning assessment.J Neurosurg. 2004 
Apr;100(4 Suppl Spine):325-31. 
6 Holdsworth F (1970) Fractures, dislocations, and fracture-dislocations 
of the spine. J Bone Joint Surg Am 52:1534–51  
7 Husted DS, Yue JJ, Fairchild TA, Haims AH : An extrapedicular 
approach to the placement of screws in the thoracic spine: an anatomic 
and radiographic assessment. Spine (Phila Pa 1976) 28 : 2324-2330, 
2003 
8 Husted et al. Morphometric Comparison of the Pedicle Rib Unit to 
Pedicles in the Thoracic Spine SPINE Volume 29, Number 2, pp 139–
146 
9 JH Kim, et alThoracic Pedicular and Extrapedicular Morphometric 
AnalysisJ Korean Neurosurg Soc 46 : 181-188, 2009 
10 Justice Agyei BS; John W. German MD Percutaneous Placement of 
Thoracic Intra- and Extrapedicular Screws: Clinical and Radiographic 
Results 
11 K. Papadimitriou et al.The rib head as a landmark in the anterolateral 
approach to the thoracic spine: a computed tomography–based 
morphometric study  published online March 1, 2013; DOI: 
10.3171/2013.1.SPINE12605.J Neurosurg: Spine 
12 LI, X. H.; XU, D. C.; LI, Z. J. & WANG, X. Anatomical study of 
position of the rib head for placing anterior vertebral body screws in a 
Chinese population.Int. J. Morphol., 29(2):463-472, 2011. 
13 Liau et alComputed Tomographic Morphometry of Thoracic 
PediclesSPINE Volume 31, Number 16, pp E545–E550 
14 Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S (1994) A 
comprehensive classification of thoracic and lumbar injuries. Eur Spine 
J 3:184–201 
15 McLain RF, Sparling E, Benson DR (1993) Early failure of short-
segment pedicle instrumentation for thoracolumbar fractures. A 
preliminary report. J Bone Joint Surg Am 75:162–7 
16 Morgenstern W, Ferguson SJ, Berey S, Orr TE, Nolte LP : Posterior 
thoracic extrapedicular fixation : a biomechanical study. Spine (Phila Pa 
1976) 28 : 1829-1835, 2003 
17 Pai, et al.: Morphometric analysis of the thoracic pedicleNeurology 
India | Mar-Apr 2010 | Vol 58 | Issue 2 
18 R. M. Kretzer et al.thoracic pedicle anatomy in a random United States 
trauma population J Neurosurg Spine 14:235–243, 2011 
19 Rothman-Simeone The Spine, 6th edition.pp.33-36 
20 Roy-Camille R, Roy-Camille M, Demeulenaere C (1970) 
[Osteosynthesis of dorsal, lumbar,and lumbosacral spine with metallic 
plates screwed into vertebral pedicles and articular apophyses]. Presse 
Med 78:1447–1448 
21 Spine surgery : techniques, complication avoidance, and management / 
editor, Edward C. Benzel ; video editor, Todd B. Francis. — 3rd 
ed.pp.1343-48 
22 Spine surgery : techniques, complication avoidance, and management / 
editor, Edward C. Benzel ; video editor, Todd B. Francis. — 3rd 
ed.pp.1433-43 
23 surgical techniques for the spine Thomas R Haher & Andrew A Merola 
THIEME.pp.91-93 
24 Ugur HC, Attar A, Uz A, et al. Thoracic pedicle: surgical anatomic 
evaluation and relations. J Spinal Disord 2001;14:39–45 
25 Vougioukas VI, Weber J, Scheufler KM : Clinical and radiological 
results after parapedicular screw fixation of the thoracic spine. J 
Neurosurg Spine 3 : 283-287, 2005 
26 White AA, Panjabi MM (1990) Clinical biomechanics of the spine. 
In:White AA, III, Panjabi MM, eds. Philadelphia: J.B. Lippincott 
27 White et alPullout Strength of Thoracic Pedicle Screw Instrumentation 
Comparison of the Transpedicular and Extrapedicular TechniquesSPINE 
Volume 31, Number 12, pp E355–E358 
28 White KK, Oka R, Mahar AT, Lowry A, Garfin SR. Pullout strength of 
thoracic pedicle screw instrumentation: comparison of the transpedicular 
and extrapedicular techniques. Spine (Phila Pa 1976) 
2006;31(12):E355–E358 
29 Youmans neurological surgery / [edited by] H. Richard Winn.—6th 
ed.pp.2979-90 
30 Youmans neurological surgery / [edited by] H. Richard Winn.—6th 
ed.pp.3051-60 
31 Zindrick MR, Wiltse LL, Doornik A, Widell EH, Knight 
GW,Patwardhan AG, et al. Analysis of the morphometric characteristics 
of the thoracic and lumbar pedicles. Spine 1987;12:160-6. 
 
  
STUDY PROFORMA 
COMPUTED TOMOGRAPHIC ANALYSIS OF THORACIC SPINE FOR 
EVALUATION OF SAFE LENGTH AND SAFE TRAJECTORY FOR 
ANTERIOR AND POSTERIOR SCREW INSTRUMENTATION 
 
Name: 
Age/Sex: 
IP No. /OP No: 
Chief complaint: 
 
 
 
Anterior Instrumentation 
    
 
   
    
 
Transverse dimension(mm): 
 
Vertebral angle(O): 
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Posterior Instrumentation 
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Pedicular Chord Length(mm): 
 
Pedicular Angle(O): 
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Extrapedicular approach 
    
  
 
    
 
Extrapedicular Cord Length: 
 
Extrapedicular Angle(O): 
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